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Motivation

+ Problem solving has two stePs: iclenthcg solutiomspacq and evaluate solutions

» Bounded-rational humans are cognitivelg limited and have limited time, information, and resources

+ Not Fu”g aware of all Possible choices
. 5ul:>~ol:>tima”9 evaluate consequences of choices
» Machines are rational
° Strongcr/ largc-:r memory for storing alternatives
. ComPutational capabilitg to accura’te|9 evaluate consequences

+ Machines can aid humans in fast and accurate Problcm-solving » Human-Machine collaborative
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Architecture

+ HuMalN = Social Network + Sensor/ Machine Network

* lnte“igent collaboration to exploit strengths of humans and machines
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o Architecture governs interactions between agents in the networks

* Three architecture tﬂPCS:

* Human controls autonomous sgstem

+ Autonomous sgstem monitor humans
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+ Relevant research Problems:

Social Network Interaction Sensor Network Interactic

Subjective o

Objective

Algorithm Design Measurements

Notional HuMalNs architecture

* Quanthcg human representation N decision-making tasks under uncertaintg

* Develop an estimator 1Cor model Parameters

* Provide common ontologg for all agents to share information
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Recent Research
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Control Sgstems, Human—-ComPuter Interface
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Al gorithms

o Develol:)ment of new algorithms clealing with human behavioral

clata

+ Collaborative integration of human expertise with automated S e
behavior

Processing

= Timelg decision making and intervention :
(Re)Design
g human-machine < Build behavioral

N Suppor‘c but not supplant humans SN models

General 8PPrOaCh ]COY' thé CZlCSigﬂ 8ﬂCl analgsis OF

* Rele\/ant research Problems: HuMalNs

< De\/elop mathematical models of human decision making

= Design robust fusion algoritlﬁms that handle Potentia”g

unreliable data




Recent Research

+ 5. Narayanan and P. G. Georgjou, “Behavioral signal Processing: Derving

human behavioral informatics from speech and |anguage)” Prac kb vol. 101,
no. 5, pp. 1205—1223, Feb. 201%.

* A. Vempatg) ECR Varshncg, G. J. Kool:)) A. H. Criss, and P, K. \/arshne%
“Exl:)eriments and Models for Decision Fusion bﬂ Humans in Inference

Nc—:tworks,” IEELE Trans. Signal Process., 2018.
* A, Vempatg, LR Varshneg, and P. K. \/ars}meg) “Reliable crowclsourcing for

multi-class Iabeling using cocling theorg)” IEEE J. Sel. ToPics Signal Process. ,
vol. 8, no. 4 Pp. 667-679, Aug. 2014

Behavioral Signal Processing, Cognitive Psgchologg, 1
| Mathematical Modeling, Robust Data Fusion ;,
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APPIications

< Major driver of HuMalINs research

© Speciﬁc applica’cion nuances drive relevant architectural and a!gorithmic research

© Timelg and important application areas:

+ Education

« Autonomous Vehicles

@ Healthcare

o Scientific Discoverg




Education: lnte”igent Tutoring Sgstems

* Provide immediate and

customized instruction/

feedback to learners with

teacher intervention
= Complement a human teacher

+ [Ensure PC!’SOI’IB“Z@C‘ ancl

aclal:)tive Ieaming at scale
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BES HuMalN
Domain model Task
Student model Human

| Machine/Robust
Tutormgmoclel - me// e

fusion
User interface Architecture
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Sense and interact with phusical world via sensors and actuators
A

Autonomous Vehicles

""ullg autonomous makes them vulnerable to Cﬂber—-attacks

Semi-autonomous vehicles: human~in~the~loop for sate and inte”igent oPeration

Rec]uirejoint environment-driver state sensing, imcerence, and shared control and

new metrics to characterize sancetg

Communication among, multiple 5e|1c~driving cars can enable collective inte”igence

Rec]uires clesign of robust communication Protocols.
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Healthcare

° ‘F:ung automated inference holds enormous Potential to Increase qualitg,
eﬁi’cacg) and e%’ciemcg of treatment and care

o Certain tasks with a small number of data sets or rare events, ML»-—aPProacl’)es
sutter from insutficient training samplcs

» Health decisions have serious consequences and necessitate human exl:)erts’
domain knowleclge

* Growing trend of litigation requires cloctor~in~the~|ool:>

* Neecl interlaretable moclels tha‘c are transParent ancl earn experts’ trust b@core

being adol:)tecl in their workflow
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Scientific Discoverg

s Scientific research spans from sc eening of novel materials in material science,

to tracki ng, of extreme weather P‘ﬂenomena in climate science.
|~cleﬁnecl task wl‘xere tl’lé data
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» Currently, machine role is limited to solving a wel

and techniques are given bﬂ the scientists.

* |Limits abilitg to tackle Problems where data or task complexit9 itself cha”enge

human Capabilities to make discoveries.
* Aclvancing machine |<:aming techniques for inclependent inc:iuirgJ Proactive
|eaming, and deliberative reasoning in the presence of hgpotheses, domain

knowleclge, and insights Proviclecl 59 the scientists.
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Session Details

* ARCHITECTURE:

v F Reverclg and V. Srivastava, “Multi-armed bandits for human-machine decision making”

* ALGORITHMS:
s D.Seo, R. Raman, and L. R. Varshney, “Proba]:)ilitg reweightingin social |earning:
OPtimalitg and subol:)timalitg”
o J.Rhimand V. Gogal, “Team decision making with social |earning: Human subject
exPeriments”
s S.Mourad and A. Tewfik, “Machine assisted human decision making”

* APPLICATIONS:
* R. Kol«u, S, Sunclararajan, . Dey, R. Sinclhgatta, S. Nitta, and B. Sengupta,

‘Augmenting classrooms with Al for Personalizecl education”
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